Background: The good prognosis of retroperitoneal and lateral pelvic lymphadenectomy has raised the question of whether total mesorectal excision is suitable for adequate staging of rectal adenocarcinoma patients. The aims of this study were to determine the accuracy of dye and probe detection of metastatic retroperitoneal and/or lateral pelvic nodes and to define the upstaging impact of retroperitoneal and lateral pelvic lymphadenectomy in rectal adenocarcinoma patients. Methods: Ninety-seven rectal adenocarcinoma patients were submitted to total mesorectal excision and retroperitoneal and lateral pelvic lymphadenectomy. Lymphoscintigraphy using technetium-99 m-phytate and patent blue was performed to detect blue and/or radioactive retroperitoneal and/or lateral pelvic nodes which were examined histopathologically and immunohistochemically with a step-sectioning technique. Results: Mesorectal mean node count was 11.5 and retroperitoneal and/or lateral pelvic node was 11.7. Retroperitoneal and lateral pelvic lymphadenectomy identified metastases in 17.5%, upstaging 8.2%. Variables related to metastatic retroperitoneal and/or lateral pelvic nodes were the following: Stage III in total mesorectal excision specimens (P , 0.04), pT3/ pT4 tumors (P ¼ 0.047), high levels of carcinoembryonic antigen (P ¼ 0.014) and large tumors (P ¼ 0.03). Marker migration to retroperitoneal and/or lateral pelvic nodes occurred in 37.1%, upstaging 11.1%. The markers' accuracy in the detection of metastatic retroperitoneal and/or lateral pelvic nodes was 100%. Conclusions: Retroperitoneal and lateral pelvic lymphadenectomy detected an important rate of metastatic retroperitoneal and/or lateral pelvic nodes (RLPN), resulting in upstaging. When markers migrated, they were able to detect RLPN metastases. The use of markers should be improved in the identification of RLPN metastases for selective indication of retroperitoneal and lateral pelvic lymphadenectomy.
INTRODUCTION
There is controversy concerning the best surgical approach for the treatment of extraperitoneal rectal adenocarcinoma. Most Western surgeons defend total mesorectal excision (TME) (1) , combined with chemoradiotherapy, in patients with T3/T4 tumors or mesorectal lymph node metastasis (2) . Japanese surgeons defend TME combined with a radical extended retroperitoneal and lateral pelvic lymphadenectomy (RLPL), with a more restricted indication of post-operative radiotherapy (3) . RLPL is the standard surgical procedure in Japan indicated in low rectal cancer patients with T3/T4 tumors, which show a greater risk of metastasizing to the retroperitoneal and/or lateral pelvic nodes (RLPN) (3) .
RLPL, as a complement to the surgical treatment of rectal cancer, was initially performed in the West and was replaced by adjuvant chemoradiotherapy (4) . The reasons that made Western surgeons abandon RLPL were related to the high morbidity of the procedure, the concept that metastases to RLPN may represent systemic disease not amenable to surgical cure, and the low incidence of RLPN metastases (4) . Japanese surgeons refined RLPL with pelvic autonomic nerve preservation, decreasing operating time, blood loss and genitourinary dysfunction (4) . In Japan, metastases to RLPN are considered regional node involvement, not systemic disease, and RLPL is considered a curative procedure (3) .
Currently, the results of the treatment options for rectal adenocarcinoma in the West or in Japan have improved to the point that they are similar. The best results obtained in the West in the treatment of patients with T3/T4 rectal adenocarcinomas with preoperative chemoradiotherapy followed by TME reveal a 5-year pelvic recurrence of 6% and survival of 76% (5) . Japanese results for the treatment of patients with T3/T4 rectal adenocarcinomas using TME plus RLPL indicate a 8.3% pelvic recurrence and a 77.0% 5-year survival (4, 6) .
Even with similar treatment results obtained in the West and Japan, metastasis to RLPN is a pattern of pelvic dissemination that has not been addressed by surgeons in the West, who consider these patients as TNM Stage IV (7) . Pelvic radiotherapy, delivered as an adjuvant treatment in T3/T4 or N1 patients (2) , is the only treatment option for patients who may have increased risk of RLPN metastases, with no assurance of efficacy.
Rectal cancer patients with RLPN metastases benefit from RLPL, as seen by a 5-year survival of 39.8% and pelvic recurrence rate of 26.1% (4) . Despite increased recurrence, these rectal cancer patients show a 5-year survival rate similar to that in treated rectal cancer patients with TNM Stage III in the West, i.e. 41.5% (8) , and they have a better 5-year survival compared with Stage IV patients, i.e. 30% (9) . This suggests that RLPN metastases should not be considered systemic tumor dissemination and that RLPL should be offered to these patients (4) .
The Japanese protocol of submitting T3/T4 low rectal cancer patients to RLPL shows a 20.1% incidence of RLPN metastases (3) . Assuming that only patients with RLPN metastases benefit from RLPL, a great number of Japanese patients are submitted to extensive lymphadenectomy without necessity. Surgeons should study the ways of selectively indicating RLPL for patients with RLPN metastases. This could be done with the use of lymphoscintigraphic markers that identify metastatic RLPN in a direct drainage pathway of the tumor's lymphatic basin.
The aims of this study were to evaluate the accuracy of lymphoscintigraphy with technetium-99 m-phytate and patent blue in the detection of metastases in RLPN and the eventual upstaging impact of performing RLPL. Low rectal adenocarcinoma patients without distant metastasis were submitted to the standard TME procedure, and their RLPN were analyzed for the detection of blue or technetium-positive nodes. RLPL was then performed, and the nodes were assessed by histopathological and immunohistochemical examinations.
PATIENTS AND METHODS
Local and national ethics committees approved this trial, and written informed consent was obtained from all patients who were aware that they would be submitted to RLPL. The completion of the study protocol was supported by the finding of no additional morbidity/mortality related to RLPL in the first 30 published cases (10) , with definitely no prohibitive genitourinary dysfunction related to RLPL. Between January 2004 and August 2008, 97 patients with histologically confirmed primary invasive rectal adenocarcinoma were prospectively enrolled in the Division of Colorectal Tumors of Aristides Maltez Hospital. The patients included in the study were treated with curative intent, where they were submitted to TME, lymphatic mapping with technetium-99 m-phytate and patent blue and RLPL with pelvic autonomic nerve preservation ( Fig. 1 ), by the same surgeon (first author). All surgical specimens were obtained by a single pathologist (third author).
Preoperative chemoradiotherapy was indicated in patients with fixed tumors on digital rectal assessment, and also in patients with T4 tumors or positive pelvic lymph nodes suggested by computed tomography. Preoperative treatment consisted of a 5040 cGy dose of radiotherapy delivered in 180 cGy per day fractions, combined with a chemotherapy regimen of daily 5-fluorouracil (375 mg/m 2 of body surface) and leucovorin (30 mg/m 2 of body surface), delivered in a 5-day cycle, one in the first and other in the third week of radiotherapy. Patients with pT3/pT4 tumors or nodal metastases who did not receive preoperative treatment underwent post-operative chemoradiotherapy following the same protocol. Four additional cycles of chemotherapy were given, one per month, after surgery in patients submitted to preoperative chemoradiotherapy or after post-operative chemoradiotherapy, using the above-mentioned protocol of 5-fluorouracil and leucovorin. Details concerning the definition of RLPN and the RLPL procedure were described in a previous publication (10) . All patients had low rectal tumors located at or below the peritoneal reflection (11) . The extraperitoneal rectum was divided into three anatomic regions (12) . The upper rectum was considered the proximal 1/3 starting at the peritoneal reflection (12) . The lower rectum was considered the lower 1/3 including the anal canal (12) . The middle rectum was taken as the intermediate 1/3 rectal segment between the upper and lower rectum (12) .
After anesthetic induction, a solution containing 22.2 MBq (0.6 mCi) of technetium-99 m-phytate, diluted in 2.0 ml saline, was injected around the tumor using a tuberculin syringe, followed by injection of 1.0 ml of a 2.5% solution of patent blue dye. In patients with upper rectal tumors, the radiotracer and dye were injected subserosally, after laparotomy, in a circumferential manner around the tumor. In lower and middle rectal tumors, subserosal injection was precluded by the mesorectum and deep pelvic rectal tumor location, and therefore, the radiotracer and dye were injected into the submucosal and muscular layer through a transanal approach with a rectoscope. After TME, lymphatic mapping was performed using a handheld gamma probe (Europrobe w , CaTe-detector) for identification of radioactive RLPN.
RLPN were considered radioactive if they had counts at least three times greater than the background counts, away from the site of the technetium-99 m-phytate injection. Blue nodes were identified by visual assessment. All identified radioactive and/or blue nodes were sent separately for pathological inspection.
All the lymph nodes identified in the surgical specimens were submitted to routine pathological analysis which consisted of the examination of one lymph node section stained by hematoxylin -eosin. If these first section slides of the radioactive and/or blue RPLN were negative for metastases, enhanced pathologic analysis was applied, including stepsectioning and immunohistochemistry.
Step-sectioning consisted of cutting formalin-fixed and paraffin-embedded tissues at 4 mm, creating three distinct levels with two sections at each level. One section of each level was stained with hematoxylin-eosin, and the other was used for immunohistochemistry. The first level consisted of the two slides of the lymph node sectioned in its longitudinal axis, submitted to routine pathological examination. The next 40 mm of the node were discarded, and a second level was obtained; 40 mm were again discarded, and a third level of sections was obtained.
A micrometastasis was defined as a tumor focus within a single node that measured ,0.2 cm in its greatest dimension or nodal tumor that was only detectable by immunohistochemistry (12) . Upstaging was only considered if enhanced pathological examination detected RPLN metastases or micrometastases. Metastases to RLPN were considered as regional nodal dissemination following the Japanese Society for Cancer of the Colon and Rectum classification, and patients were considered Stage III (11).
Immunohistochemical examination was performed using the streptavidin -biotin -peroxidase method (LSAB-dako, Carpinteria, CA, USA). A primary monoclonal antibody against cytokeratin (clone AE1/AE3) was used at a dilution of 1:100. Before the application of the monoclonal antibody, the sections were pretreated in citrate buffer at pH 6 in a 968C steam bath for 35 min.
In four patients submitted to preoperative chemoradiotherapy, it was not possible to determine the histological grade because of tissue alterations related to radiotherapy. These patients were excluded from the statistical analysis related to the variable histological grade.
Despite that preoperative tumor biopsy revealed invasive rectal adenocarcinoma, the surgical specimen of one patient after preoperative chemoradiotherapy showed in situ tumor. This patient was classified as Stage 0 (pTisN0M0) and was excluded from the statistical analysis related to the variable TME stage.
The accuracy of lymphatic mapping in the detection of metastases to RLPN in rectal cancer patients was evaluated in those in whom the method was effective. The method was considered effective when at least one radioactive and/or blue RLPN was detected. The method's effectiveness could be evaluated by the identification rate which was the number of lymphatic mapping procedures where at least one radioactive and/or blue RLPN was identified, divided by the total number of procedures in which the method was attempted. The following statistical measures were used. True positives (TP) were defined as the cases where radioactive and/or blue RLPN had metastatic cells, whether or not metastatic cells were found in other RLPN. True negatives (TN) were the cases where no metastatic cells were found in the radioactive and/or blue RLPN or in all other RLPN. False negatives (FN) were defined as cases where the radioactive and/or blue RLPN did not contain metastatic cells but there were metastatic cells in other RPLN. In this study, there were no false positives (FP) since the radioactive and/or blue nodes were also RLPN. The equations of the variables are given as follows: sensitivity, TP/(TP þ FN); false negatives, FN/ (FN þ TP); negative predictor value, TN/(FN þ TN); and accuracy,
Comparison of the categorical variables was performed with the chi-squared test (x 2 ) and Fisher's exact test. Continuous variables were compared using the Mann -Whitney test and Student's t-test. In all statistical tests, the a error was set at 5%. Logistic regression was used for multivariate statistical analysis using the backward Wald method. When staging was performed with only the surgical specimen obtained with the TME procedure, 1 patient (1.0%) was classified as Stage 0 ( pTisN0M0), 6 Stage I (6.2%), 61 Stage II (62.9%) and 29 Stage III (29.9%). The inclusion of RLPN upstaged eight patients (8.2%) from Stage II to III, as in these eight patients there were metastases to RLPN but no metastases to mesorectal nodes.
RESULTS

Females
RLPL identified 41 metastatic nodes in 17 patients (17.5%), with an average of 2.4 metastatic RLPN per patient. The metastatic nodes were in the following anatomic locations: 24 along the iliac arteries, 8 along the obturator vessels and nerve, 5 around the aortic bifurcation and 4 around the aorta and inferior vena cava (para-aortic nodes). Of these 17 patients with metastases to RLPN, 8 did not have metastases to mesorectal nodes and 9 did. Four patients with metastases to mesorectal nodes had already been submitted to preoperative chemoradiotherapy. Thus, 12 patients, 12.4% of the group studied, would not have had additional pelvic radiotherapy as an adjuvant treatment to metastatic RLPN as they had been previously submitted to radiotherapy or would not have had the treatment indicated as they did not have metastatic mesorectal nodes.
Univariate statistical analysis demonstrated that the variables related to metastatic RLPN were the following: Stage III in TME specimen (P , 0.04); pT3/pT4 tumors (P ¼ 0.047); high levels of carcinoembryonic antigen (average of 30.6 ng/ml, median of 9.9 ng/ml) (P ¼ 0.014); and large tumors (mean size: 5.5 cm + 3.2 cm) (P ¼ 0.03), as shown in Tables 1 and 2 . Multivariate analysis did not identify any independent variable related to metastatic RLPN. The variable showing the P value closest to the significant level, albeit non-significant, was pT3/pT4 tumors with P ¼ 0.053.
Radioactive and/or blue RLPN were found in 36 patients, yielding an identification rate of 37.1%. There were 68 radioactive and/or blue RLPN, with an average of 1.8 nodes detected per patient (ranging 1 -6). Technetium identified 68 nodes and blue dye 22. All RLPN identified with blue dye were also radioactive.
The accuracy of radioactive and/or blue nodes as a predictor of metastatic RLPN involvement was 100%, with a sensitivity of 100%, negative predictor value of 100% and zero FN ( Table 3 ). The method permitted an upstaging of 11.1%, where micrometastases were responsible for an upstaging of 5.5% (Table 3) . Univariate statistical analysis did not identify variables related to the inability of technetium and/or blue dye to migrate to RLPN (Tables 4 and 5 ). 
DISCUSSION
Satisfactory results with regard to the surgical outcomes of these patients submitted to RLPL with pelvic autonomic nerve preservation permitted the completion of this study protocol. A later paper will report the details related to morbidity/mortality, quality of life and survival of the patients enrolled in this study. Considering only metastases 0.2 cm, RLPL provided an unquestionable upstaging rate of 6.2%. These patients would have been mistakenly classified as Stage II and would not have had the benefit of post-operative chemoradiotherapy. When micrometastases were included, the upstaging rate increased to 8.2%. The inclusion of micrometastases in the upstaging rate achieved with RLPL may be considered important, as there is evidence that RLPN micrometastases have prognostic value and are related to recurrence (13) .
Shimoyama et al. (13) performed RLPL in 66 rectal adenocarcinoma patients, and identified 9 patients (13.6%) with metastatic RLPN using conventional hematoxylin -eosin pathological examination. In the 57 patients without metastases to RLPN, two more histopathological sections were examined, one with hematoxylin -eosin and the other with immunohistochemistry using antibodies against cytokeratins and CAM 5.7 (13) . This enhanced pathological examination detected micrometastases in 11 patients (19.3%) (13) . The 10-year recurrence rate in patients without metastases to RLPN (23.4%) was significantly lower than that obtained in patients with micrometastases to RLPN (45.5%; P ¼ 0.048); the recurrence rate of patients with metastases to RLPN was 58.3% (13) . The 10-year survival rate of patients without metastases to RLPN was 80.4%, whereas it was 54.4% in patients with micrometastases to RLPN (P ¼ 0.01) and 38.9% in patients with metastases to RLPN (13) .
The present study demonstrated that 12.4% of the patients would not have had their metastatic RLPN submitted to any regional treatment, as 8.2% would have been erroneously considered Stage II with TME and 4.2% had already been treated with preoperative chemoradiotherapy. In fact, preoperative chemoradiotherapy was not related to a lower rate of RLPN metastases. Metastatic nodes would have been left behind in 17.5% of the patients if RLPL had not been performed, with a mean of 2.4 not resected metastatic nodes per patient. Metastatic RLPN would have persisted after a surgery considered curative, and not performing the indicated adjuvant chemoradiotherapy would have certainly led to pelvic or systemic recurrence in these patients.
In reviewing studies that identified variables present in rectal adenocarcinoma patients who had metastatic RLPN, the only association identified in this study and not found in other publications was high levels of carcinoembryonic antigen. The association of metastatic mesorectal nodes with metastatic RLPN was also revealed by Ueno In matters of tumor size, Sugihara et al. (16) also reported an association of large rectal tumors with RPLN metastases, considering that patients with tumors greater than 4.0 cm have an increased incidence of metastases to RLPN. These studies are important in defining characteristics that could interfere in the treatment plans of patients with an increased risk of having metastases to RLPN.
Comparing this study's final results with the preliminary results published previously (10), they were similar in terms of incidence of metastatic RLPN (17.5% and 20.0%, respectively) and upstaging with RLPL (8.2% and 6.5%). This study's final data show that chemoradiotherapy does not interfere with marker migration to RLPN and with the detection of RLPN metastasis.
As this study included in its statistical accuracy measures only patients in whom lymphatic mapping was effective, accuracy results differed from those obtained in the preliminary results published previously (10) . This change in accuracy measurement was learned from colorectal sentinel lymph node studies that consider lymphatic mapping 
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RLPL mapped by lymphoscintigraphy effective only when the markers migrate, identifying at least one sentinel lymph node (12) . The lack of marker migration affects lymphoscintigraphy's effectiveness which is evaluated by the method's identification rate and not its accuracy (12) . The accuracy of a lymphatic mapping procedure can only be evaluated when it is effective (12) . If the preliminary results had been evaluated using these parameters, the identification rate for RLPN radioactive and/or blue nodes would not have changed (23.3%) (10), and accuracy results would have been the same as that obtained in this study's final results, with an accuracy of 100% and zero FN. With regard to studies written in English, Funahashi et al. (17) published the only paper on lymphatic mapping in rectal adenocarcinoma patients, aimed at the detection of mesorectal, retroperitoneal and lateral pelvic lymphatic basins in those at higher risk of metastases. Technetium-99 m-colloid, 111 MBq (3 mCi), was injected by rectoscopy in 43 patients, with a migration rate to retroperitoneal and pelvic lymphatic basins of 39.5%, similar to that obtained in this study (17) . As only the lymphatic basins were evaluated, not single lymph nodes, a comparison of accuracy measures cannot be made (17) .
The accuracy of technetium-99 m-phytate and patent blue in detecting metastatic RLPN in rectal adenocarcinoma patients, demonstrated in this study, is encouraging. It demonstrates that enhanced histopathological examination of retroperitoneal and pelvic radioactive and/or blue nodes might have the ability to indicate a more extensive lymphadenectomy. Although, in order to determine the precise accuracy of lymphoscintigraphy in the detection of The low migration rate of the markers used in RLPN lymphoscintigraphy suggests the need for improvement of the mapping technique and marker concentrations and volumes, as well as the selection of other markers that may migrate better to RLPN. By improving the marker migration rate to RLPN, lymphoscintigraphy may become a tool for selective indication of RLPL in low rectal adenocarcinoma patients. Blue and/or radioactive RLPN could be evaluated using a pathological frozen section procedure, and if the high accuracy parameters are maintained, the method could be useful for intra-operative definition of RLPL.
CONCLUSIONS
RLPL detected an important rate of metastatic RLPN, resulting in upstaging even in patients submitted to preoperative chemoradiotherapy. This study's univariate statistical analysis demonstrated that the variables related to metastatic RLPN were metastases to mesorectal nodes, pT3/pT4 tumors, high levels of carcinoembryonic antigen and large tumors. When the lymphoscintigraphic markers technetium-99 m-phytate and patent blue migrated to RLPN, they were able to detect RPLN metastases with an excellent accuracy.
The low migration rate of the markers used in RLPN lymphoscintigraphy suggests that the method should be improved for selective indication of RLPL. 
